ABSTRACT: Simplified procedures (methods) 
Composite joints have been extensively investigated in recent years. Results of these investigations are reported, in part, in symposium proceedings [1, 2] . Helpful recommendations for design practice for select composite joints are included in Reference [3] . Analysis methods for detailed stress calculations are described in Reference [4] .
Recent research at the NASA Lewis Research Center focuses on developing simplified methods for predicting microstresses and local laminate strengths including interlaminar strengths [5, 6] . In this report these methods are used to design bolted joints for composite structures. The objective of the paper is to describe these methods and outline a step-by-step procedure for their use in the preliminary design phase of composite joints. Several curring in practical applications. They include: (1) local bearing, (2) net tension, (3) wedge-type splitting, (4) shear-out, and (5) tension with shear-out. These select failure modes and the approximate equations used to quantify them are described below in detail.
Local Bearing Failure Modes
Local bearing failure modes are characterized by a local laminate compressive failure caused by the bolt diameter which tends to crush the composite material. A schematic of these types of failure modes is shown in Figure 1 . The schematic which is used to derive the equation and the respective equation are also shown in Figure 1 Step 1. Determine the load carried per bolt. The load carried per bolt is the bolt spacing times the panel load per inch.
Step 2. Determine the number of bolts per bolt row. Assuming first bearing failure mode, the number of bolts N is determined from Figure l Therefore, local bearing is more severe than net tension.
Step 3. Check the other failure modes for the edge and corner bolts.
First Row Center Bolt in Shear-Out
The shear stress is calculated from the equation (Figure l(d Bypass load-The bypass load is that load that bypasses the bolt and must be resisted by bolts following the bolt being bypassed. This is important in multibolted joints and was implied in the multi-bolted joint design discussed previously. The key question is how much of the load is bypassed. This is not as simple a problem as it may seem. Usually innovative use of finite element analysis is needed to determine the bypass load.
Load transferred through friction-The load transferred through friction reduces the load transferred through the bolt. This load can be substantial. It depends on the through-the-thickness compressive stress and the coefficient of friction between (1) bolt head, washer or nut and composite and (2) between the composite panel surfaces or composite panel metallic attachment surface. The load transferred through friction may not be dependable in situations where there are temperature fluctuations and large differences in the thermal expansion coefficients of the composite and the bolt. The load transferred through friction increases the bearing load capacity compared to that predicted using laminate compression strength in general [7] .
Cyclic load effects-Cyclic load effects generally degrade the laminate strengths. The degree of degradation depends on the number of cycles, cyclic stress range, mean stress, and environmental conditions. Procedures for estimating some of these strength degradations are described in Reference [6] . The degraded strengths are used in the equations in Figure 1 to design/analyze the bolted joint.
Temperature effects-The temperature effects influence the laminate strengths. Procedures foe evaluating this influence are described in Reference [6] . The modified strengths are used in the equations in Figure 1 to design/analyze the bolted joint.
Moisture effects-Moisture effects are handled the same way as temperature effects. The combined moisture/temperature effects on laminate strength are also estimated using the procedures in Reference [6] .
Biaxial loads-In biaxial load cases (for example, x and y loads) the bolted joint is designed to transfer both loads. The assumption made is that each load is transferred independently. The equations in Figure I are applied individually to each x and y load. Other effects are incorporated as was described previously.
Flat-wise compression-Flat-wise compression is induced by torqueing the bolt to a predetermined value in order to prevent slippage between panels. [7] . The edge distance effect on net tension failure and bearing stress have been investigated and reported in Reference [7] . The local stress distribution in the periphery of the bolt hole due to different types of bolts is discussed in Reference [4] where the effect of clearance on the bearing (radial) and hoop stress are also discussed. The fatigue effects on composite joints is discussed in Reference [7] . The effects of (1) bolt diameter to thickness ratio (Dlt), (2) bolt spacing to diameter ratio, and (3) edge distance to bolt diameter ratio are discussed in Reference [3] . Recommended allowables for select Dlt ratios and for several composites are included in Reference [3] 
